Abstract-This paper studies the problem of loading torque control for passive electro-hydraulic servo loading system with the external disturbance and parameter uncertainties. The state space model is established based on the nonlinear mathematical model of the system. Based on backstepping technique, an adaptive sliding mode backstepping control method is proposed for the system. By defining the sliding manifold and selecting a proper Lyapunov function, the final design of adaptive backstepping sliding mode controller is conducted and the stability of the controller is testified by the Lyapunov stability theory. The function of the controller was analyzed by comparative simulation study, which proves the feasibility and effectiveness of the proposed control strategy.
INTRODUCTION
Passive electro-hydraulic servo loading system is hardwarein-the-loop simulation equipment on the ground and is used to simulate the aerodynamic load of an aircraft during flight [1] . Because of the passive electro-hydraulic servo loading system not only bearing the load disturbance of the steering gear but also existing the influences of nonlinear characteristics and parameter uncertainties, it is difficult to achieve better control performance. In view of the problems above, scholars at home and abroad have put forward various methods to improve the loading performance of the system [2] . Parameter optimal feed forward compensation control is adopted [3] ; A combined control strategy based on the auto disturbance rejection control technique and proportional integral syn-chronization error feedback correction is designed in [4] ; a new adaptive backstepping control method based on command filtering is proposed, which to improve the performance of the system [5] .
In this paper, the mathematical model of the passive electro-hydraulic servo loading system is reduced order processing by using the backstepping control theory, and combined with the sliding mode control. Finally, the adaptive backstepping sliding mode controller is designed. Compared with the tradional backstepping adaptive controller [6] , the nesting problem caused by the mutual inclusion of parameter adaptive law and control input was effectively solved. The simulation results illustrate the effectiveness of the control method.
II. MATHEMATICAL MODEL OF THE SYSTEM
The stiffness of connecting shaft should be similar to the torque sensor, the loading system belongs to a double degree of freedom driving force control system, and the output torque of the system is TL=G(θj-θd), The θj is the input angular displacement of the loading system, and the θd is the external disturbance input angular displacement. The state variable is defined as
the nonlinear state space model of passive electro-hydraulic servo loading system
where, m u is system input; y is system output;
where 
III. DESIGN OF CONTROLLER
The final output error of the system is defined as ) (
.The load torque output accuracy in the system is determined by 1 j  and 1 jd  , all errors are defined.
where, Lin T is the system command input;
is the expected value of the system state variables. The following is the derivation of the virtual control of each subsystem,
is the controller adjustment coefficient.
Step 1: The derivative of (2) with (3) gives
The Lyapunov function is chosen as
The virtual control is as follows
The derivative of (6) with (7) gives
Step 2: Substituting (7) into (3) gives
The derivative of (10) 
To avoid the design of adaptive law, 4 a contains m u , the Lyapunov function is chosen as
The derivative of (15) 
The adaptive law of parameter variation is 
The stability condition of the system can be obtained by the analysis of the Lyapunov function. Substituting(19) into (18) gives
where, . That is, the entire system is asymptotically stable.
IV. CONTROLLER SIMULATION ANALYSIS
According to the derivation of the ABSC controller, the nonlinear control system block diagram, as shown in Figure 1 . See Table 1 for the main parameters of the system. 
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To test the effectiveness of the designed controller, according to various loading conditions, the simulation analysis of the ABSC controller and PID contoller is conducted as follows. The process is sinusoidal loading. In Figure 2 , Figure  3 , and Figure 4 , curve 1 is the command signal, curve 2 is the output of the controller. Figure 2 is the output torque and error curve under the linear loading, of which the loading system is 200N.m, the bearing system amplitude is about ±5 o , the frequency is 15Hz. As shown, the effect of PID controller is poor when frequency is 15Hz, the error is 26N.m, fail to track the performance requirements of double-ten indicators; the amplitude tracking is improved obviously when using the ABSC controller, the error is only 8N.m. The inhibition of the ABSC controller in terms of the extra torque interference are superior to those of the PID controller.
The nonlinear load simulation is shown in Figure 3 . For a load torque of 120 N·m with a frequency of 15 Hz, the bearing system has an amplitude of 2 degrees with a frequency of 10 Hz. As shown in Figure 3 , when using the PID controller, the output torque curve shows bias, with the curve showing the "beating" state, and there is a certain lag phase. In contrast, the ABSC controller does not show the phenomenon above, so the ABSC controller has a good control effect on the nonlinear load. Figure 4 , the system is disturbed by the outside square wave signal at 0.4 s. The ABSC controller can inhibit the interference better than the PID controller, so the ABSC controller has strong inhibition ability for external disturbances. Aimed at the problem of the passive electro-hydraulic servo loading system with the external disturbance and parameter uncertainties, the adaptive backstepping sliding mode control strategy is proposed. The strategy not only overcoming the influences of external disturbance and uncertainty parameters but also solving the problem of the control quantity and the adaptive law being nested. The simulation results show that the ABSC controller has a better control effect and can effectively improve the loading performance of the system under various conditions of loading and external disturbance.
